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ABSTRACT  
A thermoset polymer can be used for specific applications by creating a unique chemical 
composition that is designed for certain characteristic environments. To know the behavior of 
a thermoset polymer, it is necessary to thermally analyze its behavior during the curing 
process, as well as its mechanical behavior under certain loads that are applied in its field of 
application. In this study, the epoxy resin X was created at high temperatures, which there 
was no record of its thermal or mechanical behavior; the resin was analyzed to determine if it 
was possible to make a reduction in its curing cycle that was at temperature of 425° F with a 
time of 24 hours. As a result, through thermal analysis such as Differential Scanning 
Calorimetry (DSC), rheometry, Thermogravimetric Analysis (TGA) and Dynamic Mechanical 
Thermal Analysis (DMTA); as well as mechanical analysis, such as stress, hardness and 
planar cutting tests; it was possible to reduce the curing cycle of resin X, which is used in 
aerospace generators, from 24 hours at 425 ° F to 8 hours at 425 ° F. In the same way, this 
reduction of the cure cycle was verified by means of a qualification of a product that involved 
the reduction of the curing cycle of the epoxy resin obtaining very similar results to the 
original ones, verifying that the change of curing in the epoxy resin did not affected the 
functioning of the component. This methodology can be used and applied for the study of 
thermoset polymers that are used in several industries such as aerospace, automotive, among 
others. 
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INTRODUCTION  
Currently, aerospace development in the world is affected by the dynamism of 
industries that are involved in the creation of new products that look for the continuous 
innovation and development of new technologies and cutting-edge materials. Thanks to 
materials science as a field of study, a growth was developed in the polymer industry, in 
which the commercial success of polymers generated a demand such that the total 
production of plastics (by volume) has exceeded the combined production of all metals 
for more than 20 years. Most of the polymers or plastics used in engineering designs are 
synthetic and are usually specifically created or designed by chemists for an specific 
purpose. Some of the properties of these materials are high strength, toughness, 
resilience, corrosion resistance, processing and low cost [1].  Part of these synthetic 
polymers are epoxy resins, which are defined as a molecule with more than one epoxy 
group, also called the glycidyl group, which can be hardened for uses in the aerospace, 
electronics and automotive industries, as well in the food, pharmaceutical, manufacturing 
and marine industries. Currently there are more than 50 chemical substances that could 
be added to an epoxy resin, without considering more than 100 hardeners. That is why 
the properties of an epoxy can be easily modified to meet any necessary requirement. 
However, the adhesion, mechanical resistance, chemical, thermal insulation, shrinkage, 
among others, is always maintained when modifying the resins [2].  About the “resin X” 
there is no information on mechanical or thermal properties that can help to understand 
its behavior to determine if there could be some process improvement, but Honeywell 
being a company seeking savings in any type of their processes, it was required to 
thermally and mechanically analyze the resin to review if there could be any chance of 
improvement in the cure cycle. These analyses will provide the necessary information to 
know the exact point of polymerization, and the optimal temperatures and times to obtain 
a material with better properties and consequently improve the process. Per specification 
requirements, epoxy “resin X” has a cure cycle of 24 hours at 425° F. Due to the natural 
behavior of the epoxy resins, which, some of them cure at room temperature for 24 
hours, with the temperature being a curing accelerator, the curing behavior of the “resin 
X” will be analyzed to verify if there could be a process improvement through the 
possibility of a cure cycle reduction. 
EXPERIMENTAL DETAILS 
The epoxy resin “X” is Honeywell proprietary and it was prepared in a common 
way without adding the catalyst or hardener in order to have the same conditions on all 
the samples or probes. These samples were analyzed by Differential Scanning 
Calorimetry (DSC) (Malvern Panalytical), which measures the temperature and heat flow 
associated with material transitions as a function of time and temperature. These 
measurements provide quantitative and qualitative information about physical and 
chemical changes involving exothermic and endothermic processes or changes in heat 
capacity; Thermogravimetric Analysis (TGA) (Anderson materials), which involves 
continually weighing a polymer while interacting with a curing program or cycle of up to 
1000°C, this technique provided qualitative information on the kinetics of the thermal 
decomposition of a polymeric material in which the thermal stability can be evaluated 
[3]; Dynamic Mechanical Thermal Analysis (DMTA) (Netzsch) provided information on 
viscoelastic properties such as modulus and damping of materials and Rheometry 
analysis to determine the flow of fluid that will be produced by applied forces or strains 
[4]. 
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The resin was tested under ASTM D638 standard for tensile, hardness Shore D 
and oil immersion [5]. The specimens with different curing times were also tested. The 
stress tests under ASTM D638 with the test pieces created from the resin "X" were 
measured, and pictures of the cross-sectional area of each sample were taken to verify if 
they were internal voids presented after the test was performed. The immersion test was 
performed in oil for full week to compare the initial and final sample weight. The tensile 
lap shear test was done with different curing times and temperatures, this test helps in the 
determination of adhesive cutting strength for the union between metals when they are 
tested with a simple union in a specimen, according with ASTM D1002 [6]. Finally, once 
the reduced curing cycle has been defined, it is necessary to create a part with the 
proposed cure cycle to analyze and verify that there was indeed no change in material 
properties. 
DISCUSSION 
The current cure temperature is 425°F (218°C), but rheology and DSC analysis 
shows that curing starts at a much lower temperature, starting at 275°F and the complete 
cure reached 338°F. Figure 1 shows that a maximum temperature of 338°F is sufficient 
to achieve a complete cure. 
 
 
 
Figure 1. Temperature of curing by DSC and Reometry analysis. 
 
Considering the oven time and the current cure cycle, the actual process is 26 
hours and 46 minutes to complete. The rheology analysis shows that complete curing is 
achieved in 35 minutes, as seen in figure 2. 
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 Figure 2. Comparison of modules between current curing and that recommended  
 
The curing times analyzed were: 
A. 24 hours at 425 ° F (219 ° C) 
B. 6 hours at 425 ° F (219 ° C) 
C. 8 hours at 350 ° F (177 ° C) 
D. 6 hours at 350 ° F (177 ° C) 
 
All these final curing cycles are applied after the gelling of the resin that occurs 
after 2 hours at 300° F. 
The stiffness is measured by taking the area under the curve of the stress vs. 
deformation chart, and the resistance is the strength required to break a sample, so in 
figure 3 it is observed that the alternative cure is 3 times more rigid and is twice as strong 
as the original cure. 
 
 
Figure 3. Comparison of Rigidity of two samples 
 
The shore D hardness was performed on the specimens shown in figure 3, 
obtaining the following results in figure 4, the highest value was at sample B, 6 hours at 
425° F. 
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 Figure 4. The shore D hardness of all samples. 
 
To determine the adhesion strength of the resins and compare them according 
to their curing cycles, we proceed to create a design of experiments (DOE) with 2 factors 
and 2 levels: the factors were the temperature and time, the maximum and minimum 
levels are shown in table 1. 
 
 
Table 1. Levels of DOE 
Once it was obtained normalized data, the best parameters were determined to 
obtain the highest tensile lap shear strength, which was obtained with a curing of 8 hours 
at 350°F (Figure 5). 
 
 
Figure 5. Results of Tensile Lap Shear test 
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CONCLUSIONS 
As seen in figure 2, the thermal tests on the resin "X" showed that the resin 
could be cured in 35 minutes and reach full the full cure using the same curing 
temperature (425°F), it is also recommended to decrease this temperature to avoid getting 
gases during the curing coming from the components of the resin. Also, in figure 1 we 
observed that the 350°F is sufficient to not affect the components of the resin "X", 
considering that this resin requires at least a temperature of 338°F to start the curing 
reaction requiring only two hours to reach complete curing. Per the thermal analysis that 
was carried out, it was determined that by decreasing the curing cycle, as well as the 
temperature, it was possible to improve the mechanical properties, as confirmed in figure 
3 that the alternative cure is 3 times more rigid and is twice as strong as the original cure. 
The Shore D test confirmed, for the curing of 24 hours at 425°F, a decrease with respect 
to the curing of 6 hours at 425°F (Figure 5). This is because this material may be 
degraded by high temperatures and exposure time. Once it was verified that the current 
cure cycle degraded the material, an experiment with the adhesion test for a cured resin 
for 6 and 8 hours, at 350 ° F and 425 ° F, proposed temperature vs. current temperature, 
these results showed that specimens cured at a temperature of 350°F for 8 hours, 
presented a higher adhesion resistance. It is necessary to consider the time that the resin 
would take to reach that temperature, so that these 6 hours are "effective hours of 
curing", so the final cure cycle shall be 8 hours at 350°F, considering also that this 
reduction improves the resin properties. 
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